Experimental section 1.1 Preparation of LFO target
Mixtures of equimolar La 2 O 3 and Fe 2 O 3 were annealed at 1300°C for 24 hours to obtain the LaFeO 3 powders. After confirming its purity by XRD in ESI, LaFeO 3 powders were pressed under 10Mpa for 0.5 hour and annealed at 1300°C to form the PLD target. And the dense target is about 1 inch in diameter with a thickness of 3 mm 1 .
Deposition of LFO films
The single crystal (001)-oriented SrTiO 3 substrates, 1×1 cm in size, were degreased in acetone and ethanol. Then cleaned substrates were soaked in pure water for 30 min in ultrasonic bath. The excessive strontium oxide or hydroxide composites segregated on the SrTiO 3 surface were etched by a dilute HF solution (5%) for 15
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Finally, LFO films were prepared by PLD with a 248 nm KrF excimer laser operating at the energy density of 1.5 J/cm 2 on the target surface and the frequency of 6 Hz.
After the substrate stabilized at 750 °C, pure O 2 with a flow rate of 50 ccm was introduced into the vacuum chamber and the pressure researched 75 Torr. LaFeO 3 target was cleaned for 1000 pulses with the shutter closed and the substrate was set to be 1 cm higher than the visible plasma plume. Deposition of the LFO films with the thickness of 100nm started with shutter opened for 20000 pulses.
After that, the film was kept at the same temperature for 30 min in different O 2 pressure (4×10 -4 , 4×10 -2 , 4×10 0 , 4×10 2 Torr) to tune the crystal and electron structure.
Characterization
Powders XRD (Rigaku D/MAX2550) was used to confirm the purity of LaFeO 3 powders by solid-phase synthesis. Oxygen 
